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Abstract 
 
Caustic soda is the most widely used chemical for cleaning sugar mill evaporators in 
Australia.  It is partially effective in removing silica, silicates, proteins, polysaccharides 
and organic matter, but is ineffective when the major components of scale consist of 
calcium phosphate, calcium oxalate, calcium magnesium aconitate, calcium sulphate, 
calcium carbonate and potassium calcium sulphate.  In such situations, sulphamic acid is 
typically used.  Some mills have found these normal procedures unsatisfactory and have 
used alternative but expensive cleaning methods, which have proved effective.  However, 
these mills still use caustic soda and sulphamic acid in combination with the alternative 
methods to clean evaporators resulting in a time consuming and laborious process.  This 
paper describes the effect of caustic soda solution in the presence of additives to 
solubilise different scale types.  The paper also describes attempts to identify foam 
components in scale and provides results on the efficacy of defoamers. 
 
 
Introduction 
 
Fouling/scaling is defined as the accumulation of undesired solid material at phase 
interfaces (Epstein, 1983).  In the sugar industry this occurs on the heat exchanger 
surfaces of the heaters, evaporators, pans and fugal baskets.  The process of scale 
formation involves the following stages (Epstein, 1983): 
 
• Initiation.  This could involve conditions that promote the formation of nuclei, or 
surface conditioning. 
• Transportation of species (i.e. mass transfer) to the surface by gravity or 
thermolysis or by turbulent diffusion. 
• Attachment (e.g. sticking or adhesion) onto the surface.  This could be achieved 
through Van der Waals forces, electrostatic forces and external force fields at the 
surfaces. 
• Detachment of species from the surface.  This may occur as result of dissolution, 
spallation or erosion. 
• Aging of species.  This may be due to dehydration, polymerisation or changes in 
the crystallographic form. 
The composition of scale is determined by the natural constituents of raw juice, the 
clarification process, plant design and operating conditions.  In the sugar industry, the 
scale contains different types of species or/and formation or precipitation mechanisms 
which make it very difficult to manage and control.   
 
In sugar mill evaporators, the progressive accumulation of scale on heated surfaces 
causes the heat transfer coefficient to decline with time and, if the heated surfaces are 
heavily fouled, the evaporator set will not meet production rates.  In these circumstances, 
various strategies may be applied to reduce the impact on the factory.  Reduction of 
maceration water on the milling train, lowering of the syrup brix and the reduction of 
filter wash water help maintain the processing rate of the evaporator supply juice.  
However, these strategies can only sustain the evaporator set for a certain period and 
ultimately the only option is to effectively clean the evaporators with a two/three step 
process. 
 
Caustic soda is the most widely used chemical for cleaning sugar mill evaporators.  It is 
partially effective in removing silicates, proteins and other gelatinous substances, but is 
ineffective when the major components of scale consist of calcium phosphate, calcium 
carbonate, calcium magnesium aconitate, calcium oxalate and calcium sulphate.  The 
practice in most sugar factories is to use about 10% (w/v) caustic soda solution.  The 
boiling time required for a reasonable clean is 3 - 4 h.  There are a number of products in 
the market that reportedly enhance the effectiveness of caustic soda by assisting in the 
accelerated penetration and dissolution of organics into the scale matrix, and the 
conversion of calcium organic salts to calcium carbonate.  For these products to be 
effective, it is recommended that the boiling time is likely to take over 24 h.  This is not 
appropriate in sugar cane factories where the overall cleaning time (including boiling) 
must be completed within 6 to 8 h.  For an effective evaporator clean, a caustic soda 
clean always necessitates a following acid (e.g. phosphoric acid, formic acid, sulphamic 
acid, sulphuric acid, hydrochloric acid, etc) clean due to the presence of inorganic salt 
residues.  When acid is used, a corrosion inhibitor is needed to prevent pitting of the steel 
tubes.   
 
The problem with the alkali-acid treatment is that a proportion of acid is neutralised by 
caustic soda residues remaining even after flushing the evaporators with water, thereby 
reducing the acid strength and hence effectiveness.  As a result of the ineffectiveness of 
the alkali-acid process, some sugar factories have, in addition, used ethylene 
diaminetetratacetic acid (EDTA) to clean the evaporators.  About 10% (w/v) of EDTA 
solution is used in cleaning with optimum results obtained by boiling the solution at 100 
ºC.  The boiling time depends on the quantity of scale present in the evaporators.  The 
advantage EDTA has over other cleaning agents is its ability to sequester metal ions, such 
as calcium and magnesium. However, EDTA is ineffective when the major scale 
component is silica.  
 All mills would like a simple procedure that is cheap, effective and convenient to use.  
This paper discusses the effects of wetting agents or additives on the effectiveness of 
caustic soda to solubilise different scale types and identifies the most effective 
combination of caustic soda and additives that were trialed by many sugar factories in 
Australia. 
 
Foaming creates difficulties during cleaning of evaporators due to carry-over of 
chemicals and decreased efficiency of the cleaning agent.  There is little published 
information on the causes of foaming during cleaning and no knowledge of the nature of 
the components responsible.  Foaming has been recognised as a significant problem 
during the manufacture and refining of raw sugar beet but is also troublesome with sugar 
cane manufacture (Miller and Pike, 1993).  Oldfield and Dutton (1968) identified several 
active agents responsible for foaming in sugar beet.  High molecular weight peptides 
were found to influence foaming.  A non-foaming sugar was produced by the removal of 
these peptides with carbon adsorption.  However, saponins (triterpene glycosides) were 
shown to be a major cause of foaming during sugar beet manufacture by Hallanoro et al. 
(1991) and there is some evidence that these compounds are present in cane sugar (Ito et 
al., 1980).  Cheng and Lin (1983) examined foaming with raw cane sugars and showed 
that sugar with more than 2,000 mg/L of protein had high foamability and that amylase 
enhanced the foaming capability.  They concluded that protein and amylase were the 
principal cause of foaming during sugar manufacture from sugar cane.  As foaming 
causes carry-over, mill staff are hesitant about using very hot and highly concentrated 
caustic soda solution, and hence tend to work at moderate caustic soda concentrations.  
This paper describes attempts to identify the foaming compounds present in scale, and 
assesses a number of defoaming chemicals. 
 
Experimental procedures 
 
Scale characterisation 
 
Samples of scale from calandria tubes were obtained by mechanical means from three 
sugar mills during the 2000 crushing season.  These samples were obtained after the 
calandria tubes had been cleaned with caustic soda and sulphamic acid.  Three types of 
scale were collected that were predominantely calcium oxalate (identified as ‘Ox’ in table 
1), hydroxyapatite (HAP) or amorphous silica (SHAP). 
 
The samples were characterised by using X-ray fluorescence and X-ray powder 
diffraction.  The mineral constituents were determined using X-ray fluorescence (XRF).  
The powder diffraction studies were carried out using a Riagaku camera and X-ray 
generator with CuKα of wavelength 1.5428 Å.  The XRF also gives the loss on ignition, 
which is a qualitatively related to the amount of organic matter in the scale.  Table 1 
shows the percentage composition of the scale samples used in this study. 
 
 
 
  
 
 
 
Table 1 Percentage distribution of compounds (wt %) present in scale samples 
 
Compound 
 
Ox HAP SHAP 
Calcium oxalate 88 - - 
Hydroxyapatite - 70 21 
Amorphous silica - 3 42 
Iron oxide 3 2 10 
Calcium sulphate - - 7 
Organic matter 9 25 20 
 
 
Dissolution experiments 
 
Wetting agents 
 
The effectiveness of caustic soda with and without wetting agents was evaluated in the 
laboratory using a SRI proprietary procedure.  The percent efficiency is defined as the 
weight of scale dissolved with formulation divided by the original weight of scale and the 
result multiplied by 100.  The confidence interval on the efficiency for the SRI procedure 
is ±1%.  The wetting agents (1% (w/v)) evaluated included disulphonated diphenyl oxide 
with C4 olefin, disulphonated diphenyl oxide with C10 olefin, C11 alcohol ethoxylates, 
non-ionic alcohol ethoxylates, dioctyl sodium sulphosuccinate and polyoxyethelene 
nonyl phenyl ether.  The concentration of 1% selected for this work was based on the 
appearance/texture of the scale after boiling in solutions of the wetting agents. 
 
Sodium gluconate and EDTA, which are chelates, were added to some of the 
formulations.  At the end of the laboratory investigation, the best formulation was 
identified and subsequently used in factory trials by ten sugar mills. 
 
Defoamers 
 
Ten commercially available defoamers in caustic soda solution were assessed on HAP 
scale.  Visual inspection was used to determine foam formation, whilst the amount of 
scale dissolved was used to estimate the effect the defoamers have on scale dissolution. 
 
Determination of foam components 
 
Hot water and hot methanol were each used to extract components trapped in the scale 
matrix with a propensity to cause foam from scale by shaking the mixture for 1 hour.  
The filtrate of the water extract was freeze dried and a light tan precipitate was obtained.  
The filtrate of the methanol extract was evaporated to dryness using a rotary flask 
evaporator.  Residual methanol was removed by adding water and the mixture rotary 
evaporated.  The extract was dissolved in water and freeze dried.   
 
An apparatus for the measurement of foam was assembled based on similar apparatuses 
described by Cheng and Lin (1983), Ito et al. (1980) and Symes and Vane (1982).  The 
apparatus consisted of a 25 mm ID x 390 mm water jacketed glass column which 
contained the test solution.  It had a fabric mesh strainer at the base which acted as a frit 
for the formation of fine gas bubbles from a flow of nitrogen.  Operating conditions were 
as follows: column temperature 55 °C, flow of nitrogen gas 1 L/min.  The pH of the test 
solutions was adjusted to 7, if necessary, by the addition of hydrochloric acid or sodium 
hydroxide solution.  The solutions were heated in a water bath to 55 °C before the tests 
were conducted. 
 
Foam measurement 
 
The two extracts (i.e. water and methanol) were dissolved in phosphate buffer, pH 6.8, 
prepared from potassium dihydrogen phosphate and disodium hydrogen phosphate 
dissolved in water. 
 
The water extract gave a stable column of relatively small bubbles (ca. 3 - 4 mm 
diameter) and the top of the column of foam was well defined so that the height of the 
column could be read to within about 2 mm.  The height of foam was read after 30, 60 
and 120 s to check constancy of the height.  The reading at 60 s was selected for 
recording since it gave the most reproducible results.  The foam column did not persist 
after the gas flow was stopped. 
 
The methanol extract gave a less stable column of larger, thinner film bubbles, similar to 
that obtainable in the presence of a detergent but the foam column was not maintained.  
Instead, the column reached a certain initial height and then broke up.  Consequently, the 
initial height of the column was recorded in foam tests with the methanol extracts. 
 
The height (in mm) of the foam in the column was an indication of the foaming capacity 
of an extract.  The higher the height of the foam in the column, the greater is the ability of 
an extract to foam. 
 
Enzyme treatment of extracts 
 
The three enzymes used in the studies were manufactured by Genencor International.  
These were: 
 
• A bacterial, heat-stable α-amylase, Spezyme AA, activity 6,500 thermostable 
amylase units (TAU)/g minimum;  
• A bacterial alkaline serine endopeptidase/protease, Multifect P3000; 
• A mould derived pectinase with glycosidase activity, Pyr-flo, activity 140,000 
apple juice depectinisation units (AJDU)/mL minimum. 
 
Buffers were chosen so that the enzymes were operating at their optimal pH.  The 
foaming capacity of test solutions without the addition of enzymes and extract was also 
examined. 
 
Results of the effect of additives and caustic soda solution on scale dissolution 
 
Laboratory investigations 
 
Table 2 shows the effect of caustic soda concentration in dissolving HAP scale.  The 
results indicated that caustic soda was most effective at a concentration of 20% (w/v).  
This confirms the work of Walthew et al. (1997) who showed that the effectiveness of 
caustic soda solubilising ability increased with increase in concentration.  Table 2 also 
shows that the efficiency of caustic soda at 5% (w/v) to solubilise HAP scale is similar to 
that of caustic soda of 10% (w/v), probably indicating a nonlinear relation between 
caustic soda strength and cleaning efficiency. 
 
Table 2 The effect of the strength of caustic soda on dissolution of HAP scale 
 
Caustic soda (%, w/v) Efficiency (%) 
5 14 
10 13 
13 22 
20 28 
 
Table 3 presents the results of the effect of a 13% concentration caustic soda solution and 
caustic soda solution in the presence of wetting agents to solubilise the three scales.  Of 
all the wetting agents tested for HAP, only A608 enhanced the performance of caustic 
soda.  The other wetting agents reduced the efficiency of caustic soda solution by up to 
63%.  The results (not shown) with wetting agents and 20% caustic soda solution were 
similar to those with 13% caustic soda solution. 
 
Table 3 also shows that none of the wetting agents (except Berol-Oxr) enhanced the 
performance of the caustic soda solutions in dissolving Ox or SHAP scale.  Berol-Oxr 
increased the amount of Ox scale that was dissolved by the caustic soda solution by 31%.  
This increase in caustic soda effectiveness is insufficient to have any noticeable impact 
for the removal of Ox scale in a sugar mill. 
 
As a result of the inability of caustic soda solution in the presence of wetting agents to 
sufficiently solubilise scale, it was decided to include EDTA and sodium gluconate in the 
caustic soda formulations.  As illustrated in Table 4, all the wetting agents enhanced the 
effectiveness of the caustic soda-EDTA formulation to solubilise HAP and Ox scales. 
 
  
 
 
 
 
Table 3 The effect of wetting agents (at 1%, w/v) with 13% caustic soda 
solution on dissolution of different scale types 
 
Efficiency (%) Wetting agent 
HAP SHAP OX 
None 22 55 32 
A608 28 46 31 
Berol-Oxr 19 59 42 
Dfax 2A 12 42 34 
Dfax 3B 8 40 32 
Talo C 13 40 36 
Eth7 12 35 22 
 
 
Of the caustic soda-EDTA-sodium gluconate formulations investigated, the formulation 
containing 13% caustic soda, 10% EDTA and 2% sodium gluconate was the most 
effective in solubilising all the different scale types.  The caustic soda-EDTA-sodium 
gluconate formulation is 182% more effective than caustic soda alone for the removal of 
HAP scale (cf. Tables 3 and 4) and 14% more effective than the caustic soda-EDTA 
formulation for the removal of Ox scale.  The caustic soda-EDTA formulation was also 
more effective than the caustic soda-wetting agent formulations in solubilising SHAP. 
 
 
Table 4 The effect of 13% caustic soda, 10% Na4EDTA and wetting agents (at 
1% w/v) on dissolution of scale 
 
Efficiency (%) Wetting agent 
HAP SHAP OX 
None 33 63 82 
A608 45 63 70 
Berol-Oxr 33 62 70 
Dfax 2A 40 64 90 
Dfax 3B 50 65 91 
Talo C 40 63 94 
Eth7 38 63 90 
Gluconate (2%) 50 65 94 
 
The effectiveness of the caustic soda-EDTA-sodium gluconate formulation in removing 
scale is due to the specific properties of each of the components present in the 
formulation.  Caustic soda on its own will not dissolve or dislodge organic matter or 
silica scale that is covered by a layer of calcium oxalate or iron oxide.  However, if that  
layer is calcium oxalate, EDTA (and to a lesser extent, sodium gluconate) will readily 
attack it exposing the iron oxide layer for attack by sodium gluconate or exposing the 
amorphous silica layer to caustic attack.  Alternatively, if the layer is covered by organic 
matter or amorphous silica, then caustic soda will dissolve or dislodge the layer exposing 
the other surfaces for attack by EDTA or sodium gluconate. 
 
Factory trials 
 
The laboratory investigations have indicated that the formulation containing 13% caustic 
soda, 10% EDTA and 2% sodium gluconate was the most effective formulation in 
solubilising the different scale types from Australian sugar mills.  Factory trials were 
conducted in 10 mills using this formulation.  The effectiveness of the formulation to 
remove scale from the evaporators was graded qualitatively, by visual inspection, and 
rated between good and very good by the mills.  However, one mill reported poor 
performance of the formulation in the No. 4 effect.  The reason for the poor dissolving 
power of the formulation for the scale from the No. 4 effect is not known. 
 
One mill in New South Wales obtained effective cleaning of the evaporators with a 
formulation containing 13% caustic soda and 2% sodium gluconate.  This is due to softer 
scale being present in that mill compared to the scale at other mills. 
 
Results of the effect of defoamers on HAP scale 
 
Table 5 shows the results obtained with the defoamers.  Only one, BelM8, acted as an 
effective defoamer when caustic soda solution was used to dissolve HAP scale.  
However, this defoamer reduced the effectiveness of caustic soda by 45%.  As a result of 
the negative effect the defoamers had on the performance of caustic soda to dissolve HAP 
scale, they were not assessed for the other scale types. 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Table 5 The effect of defoamers (at 1%, w/v) with 13% caustic soda solution 
on dissolution of HAP scale 
 
Defoamer Efficiency (%) Observation 
None 22 Foaming 
Beval7 12 Foams and bubbles 
Beval1k 12 Foaming 
Gen30 7 Layers of rising foam 
AFI 6 Mainly bubbles 
BelM8 12 No foaming 
Dplus 0 14 Mainly bubbles 
Dplus 5 5 Bubbles with slight foaming 
Dplus 6 14 Layers of foam 
Dplus 30 9 Slight foaming 
Dplus 70 11 Slight foaming 
 
 
Result of determinations of the foaming components in scale 
 
Foam measurements 
 
Consistent results were obtained for both extracts (i.e. water and methanol), but the 
measurement of the column of foam differed for the methanol extract in that the initial 
column height rather than height after 60 s was recorded.  With the foam measurement of 
the methanol extract, the initial column height was consistent for replicates and the 
overall behavior was reproducible.  The foam column was reformed if the walls of the 
apparatus were washed down with a small volume of water.  The height of the 
regenerated column was similar to the original column provided that only a small volume 
of water was used for washing the column walls.  The regenerated height of foam was 
affected by the volume of water when larger volumes were added - which was consistent 
with earlier observations that the extent of foaming was dependent on the concentration 
of extract.  The most likely reason for the observed behaviour of the foam column was 
that the materials causing the foam were removed from the column of liquid and adhered 
to the walls of the glass column.  
 
Enzyme treatment of extracts 
 The water and methanol extracts of scale were treated with α-amylase, protease and 
glycosidase to determine whether these enzymes could show the chemical class of the 
compounds responsible for foaming.  These enzymes are capable of removing amyloses 
and starches, protein and polypeptides, and saponins from the extracts and reducing their 
foaming capability.  This approach was used by Cheng and Lin (1983) in their 
investigations on the causes of foaming in raw cane sugar production. 
 
The results from the enzyme treatments of the water and methanol extracts are shown in 
Tables 6 and 7 respectively.  Treatment of the water extract with α-amylase slightly 
reduced the extent of foaming whereas protease or glycosidase appeared to have the 
opposite effect. 
 
Table 6 Maximum height (in mm) of foam column after enzyme treatment of 
the water extract of scale* 
  
 Buffer** 
Sodium acetate Borax Phthalate 
No enzyme α-Amylase None Protease None Glycosidase 
 
Water 
extract 
35 20 60 70 100 120 
Blank - 10 - 10-15 - 20 
*Mean of duplicate analyses. ** Sodium acetate buffer was used for amylase; borax buffer was used for 
protease; phthalate buffer was used for the glycosidase enzyme. 
 
The use of α-amylase eliminated foaming in the methanol extract, whilst protease gave a 
major reduction in the foaming capacity (see Table 7).  No reduction was observed with 
glycosidase.  These results therefore implicate both proteins and carbohydrates as the 
components responsible for foaming during the cleaning of the evaporators in sugar 
mills.  It also suggests that the use of protease or α-amylase may reduce foaming during 
evaporator cleaning.  
 
Table 7  Maximum height (in mm) of foam column after enzyme treatment of 
the methanol extract of scale* 
 
 Buffer 
Sodium acetate Borax Phthalate 
None α-Amylase None Protease None Glycosidase 
 
Methanol 
extract 
>300 10-15 275 95 120 >130** 
Blank - 10 - 10-15 - 20 
*Mean of two duplicates 
**Foam column broke down quickly 
 
 
Discussion and conclusions 
 
Laboratory studies have indicated that the performance of caustic soda solution in HAP 
scale removal was not enhanced by wetting agents. 
 
Laboratory and factory trials have indicated that the formulation containing 13% caustic 
soda, 10% EDTA and 2% sodium gluconate was the most effective cleaning agent for 
scale removal.  As a result of the success of the factory trials, many mills have 
incorporated this cleaning agent into their cleaning program. 
 
Of the ten defoamers evaluated, only BelM8 acted as an effective defoamer with caustic 
soda, although it considerably reduced the performance of caustic soda in removing scale. 
 
Although, the studies have identified proteins and carbohydrates as contributors to 
foaming, there might be other foam-active compounds which were not detected by the 
current analyses that need to be identified before an appropriate defoaming agent with 
superior properties to current commercial defoaming agents can be formulated. 
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